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Method and Device for Controlling an Aircraft Air Conditioning System

The present invention relates to a method and a device for controlling an aircraft air
conditioning system.

In commercial aircraft, so-called air-supported air conditioning systems are currently
conventionally used for air conditioning the aircraft cabin. An aircraft air conditioning
system serves for cooling the aircraft cabin, which would otherwise become too hot
due to thermal loads such as, for example, solar radiation, body heat from the
passengers and waste heat from devices present on board the aircraft. Moreover, the
aircraft air conditioning system supplies sufficient fresh air into the aircraft cabin to
ensure that a required minimum oxygen content is present in the aircraft cabin.

Air-supported aircraft air conditioning systems generally comprise an air conditioning
unit which is supplied with process air compressed by the engine of the aircraft or a
separate compressor. Prior to being supplied to the air conditioning unit, the process
air is pre-cooled in a preheat exchanger by heat transfer to cooling air which is
likewise provided by the engines of the aircraft or a separate compressor. The
cooling capacity of the preheat exchanger is controlled by controlling the cooling air
mass flow through the preheat exchanger accordingly. In the air conditioning unit,
the process air is cooled as it flows through a heat exchanger unit by heat transfer to
ambient air flowing through a ram air channel. The ambient air mass flow through
the ram air channel, and therefore the cooling capacity of the heat exchanger unit of
the air conditioning unit, is controlled by opening and closing corresponding ram air
channel flaps.

Cooled process air exiting from the air conditioning unit of an aircraft air conditioning
system is then conducted into a mixing chamber and mixed there with recirculation
air discharged from an aircraft region to be cooled, for example an aircraft cabin. The
mixed air from the mixing chamber is conducted by way of corresponding mixed air
lines into the aircraft region to be cooled, which is divided into different air
conditioning zones. If necessary, the mixed air lines are supplied downstream of the
mixing chamber with hot air, so-called trim air, which is diverted from the process air
supplied to the air conditioning unit. The process air supplied to the air conditioning
unit, and therefore also the trim air diverted from the process air supplied to the air
conditioning unit, conventionally has a constant temperature of ca. 200°C. However,
for fault scenarios or certain aircraft-environment conditions, it is also possible to
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provide a higher or lower process air temperature at the inlet of the air conditioning
unit. The temperature of the air in the mixed air lines is therefore controlled by
controlling the trim air mass flow supplied to the mixed air lines accordingly.

In general, the operation of an aircraft air conditioning system has an adverse effect
on the efficiency of the aircraft in flight mode and the fuel consumption of the
aircraft, with the drops in efficiency caused by the operation of the aircraft air
conditioning system being greater as the amount of process air which has to be
provided by the engines of the aircraft or a separate compressor increases.
Furthermore, an increase in the cooling capacity of the air conditioning unit by
opening the ram air channel flaps to increase the ambient air flow through the heat
exchanger unit of the air conditioning unit results in an increase in the fuel
consumption of the aircraft. These correlations are described in DE 10 2008 053 320
Al.

The object on which the invention is based is to provide a method and a system for
controlling an aircraft air conditioning system which, in various operating situations of
the aircraft air conditioning system, enable an optimisation of the efficiency and, in
particular, the fuel consumption of the aircraft in flight mode.

The object is achieved by a method for controlling an aircraft air conditioning system
having the features of Claim 1 and an apparatus for controlling an aircraft air
conditioning system having the features of Claim 8.

In the method according to the invention for controlling an aircraft air conditioning
system, an operating state of the air conditioning unit of the aircraft air conditioning
system is detected and the temperature of a process air mass flow supplied to the air
conditioning unit is controlled in dependence on the operating state of the air
conditioning unit. The method according to the invention therefore deviates from the
principle followed in the prior art of supplying the air conditioning unit with process
air having a substantially constant temperature and instead arranges for the
temperature of the process air mass flow supplied to the air conditioning unit to be
controlled in dependence on the operating state of the air conditioning unit.

By controlling the temperature of the process air mass flow supplied to the air
conditioning unit, it is possible to have a direct influence on the efficiency and the
fuel consumption of the aircraft in flight mode. For example, a variation of the
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temperature of the process air mass flow supplied to the air conditioning unit after
flowing through a preheat exchanger can be effected by a corresponding variation of
a cooling air mass flow through the preheat exchanger, which in turn influences the
efficiency and the fuel consumption of the aircraft since the cooling air flowing
through the preheat exchanger has to be provided by the engines of the aircraft or a
separate compressor. Furthermore, a variation of the temperature of the process air
mass flow supplied to the air conditioning unit necessarily also results in a change in
the temperature of the trim air diverted from the process air mass flow supplied to
the air conditioning unit. However, a change in the trim air temperature has a direct
influence on the trim air requirement and therefore the quantity of process air to be
provided by the engines of the aircraft or a separate compressor.

The fact that, according to the invention, the temperature controi of the process air
mass flow supplied to the air conditioning unit is dependent on the operating state of
the air conditioning unit ensures that the efficiency advantages which may be
achieved by a variation of the temperature of the process air mass flow supplied to
the air conditioning unit are not compensated or even overcompensated by drops in
efficiency which are linked to the operating state of the air conditioning unit. The
control method according to the invention therefore readily and reliably enables the
efficiency and the fuel consumption of an aircraft to be optimised by integrating the
temperature of the process air mass flow supplied to the air conditioning unit as a
control variable in the control of the aircraft air conditioning system.

In the method according to the invention for controlling an aircraft air conditioning
system, it is possible upon detecting the operating state of the air conditioning unit
to determine the operating state of at least one ram air channel flap which controls a
flow cross-section of a ram air channel for the supply of ambient air to a heat
exchanger unit of the air conditioning unit. The operating state of all ram air channel
flaps of a ram air channel is preferably determined for the supply of ambient air to a
heat exchanger unit of the air conditioning unit. The operating state of a ram air
channel flap controlling a flow cross-section of a ram air channel for the supply of
ambient air to a heat exchanger unit of the air conditioning unit, i.e. the opening
state of the ram air channel flap, has significant effects on the air resistance and
therefore the fuel consumption of the aircraft. By taking these parameters into
account upon detecting the operating state of the air conditioning unit and therefore
when controlling the temperature of the process air mass flow supplied to the air
conditioning unit, it is thus possible to ensure that efficiency advantages which may
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be achieved by a variation of the temperature of the process air mass flow supplied
to the air conditioning unit are not compensated or even overcompensated by drops
in efficiency linked to the operating state of the ram air channel flap, which is
associated with the varied temperature of the process air mass flow supplied to the
air conditioning unit.

Furthermore, it is possible upon detecting the operating state of the air conditioning
unit to determine the operating state of at least one internal valve of the air
conditioning unit which, in its open state, effects an increase in the temperature of a
process air mass flow exiting the air conditioning unit. The internal valve can be, for
example, a bypass valve which is arranged in a bypass line bypassing a
compressor/turbine unit of the air conditioning unit. In its open state, a bypass valve
of this type ensures that warmer air flowing through a process air line of the air
conditioning unit upstream of the compressor/turbine unit is added to a region of the
process air line downstream of the compressor/turbine unit.

A maximum cooling capacity of the air conditioning unit of an aircraft air conditioning
system, i.e. @ minimum process air temperature at the outlet of the air conditioning
unit, is achieved when the ram air channel flaps of the ram air channel are maximally
opened for the supply of ambient air to a heat exchanger unit of the air conditioning
unit and internal valves of the air conditioning unit which, in an open state, effect an
increase in the process air temperature at the outlet of the air conditioning unit are
closed. On the other hand, a nominal cooling capacity of the air conditioning unit is
defined as a cooling capacity which the air conditioning unit delivers when the ram
air channel flaps are minimally opened and the internal valves of the air conditioning
unit which, in an open state, effect an increase in the process air temperature at the
outlet of the air conditioning unit are closed. Since air conditioning units provided for
use in aircraft air conditioning systems are conventionally designed for fault
scenarios, their nominal cooling capacity generally exceeds the cooling capacity
requirement which prevails in normal operation of the aircraft. It is therefore
frequently necessary during operation of an air conditioning unit, even when the ram
air channel flaps are only minimally opened, to open the internal valves of the air
conditioning unit, which, in an open state, effect an increase in the process air
temperature at the outlet of the air conditioning unit, in order to ensure that the
process air exits the air conditioning unit at the desired temperature and not at too
low a temperature.
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Therefore, in the method according to the invention for controlling an aircraft air
conditioning system, the temperature of the process air mass flow supplied to the air
conditioning unit is preferably only altered when it is determined upon detecting the
operating state of the air conditioning unit that the ram air channel flap only frees a
minimum flow cross-section of the ram air channel for the supply of ambient air to a
heat exchanger unit of the air conditioning unit and/or that the internal valve which,
in its open state, effects an increase in the temperature of a process air mass flow
exiting the air conditioning unit is open. In other words, the control method
according to the invention preferably only takes into account a variation of the
temperature of the process air mass flow supplied to the air conditioning unit when
the air conditioning unit is in an operating state in which the air conditioning unit has
to generate its nominal cooling capacity and not a cooling capacity which exceeds the
nominal cooling capacity, i.e. the air conditioning unit designed for fault scenarios is
operated in an operating state in which the ram air channel flap is only minimally
opened, but it is still necessary to discharge excess cooling capacity generated by the
air conditioning unit by way of the open internal valve. In this configuration of the
control method according to the invention, the cooling capacity reserves of the air
conditioning unit which are held ready for fault scenarios are used optimally for
increasing efficiency through a variation in the temperature of the process air mass
flow supplied to the air conditioning unit.

In the method according to the invention, the temperature of the process air mass
flow supplied to the air conditioning unit is preferably increased when it is
determined upon detecting the operating state of the air conditioning unit that the
ram air channel flap only frees a minimum flow cross-section of the ram air channel
and/or that the internal valve is open. An increase in the temperature of the process
air mass flow supplied to the air conditioning unit enables a reduction in the cooling
air mass flow to be supplied to a preheat exchanger by the engines of the aircraft or
a separate compressor and therefore direct reductions in fuel. Furthermore, an
increase in the temperature of the process air mass flow supplied to the air
conditioning unit necessarily also results in an increase in the temperature of the trim
air diverted from the process air mass flow supplied to the air conditioning unit. An
increase in the trim air temperature results in a reduction in the trim air mass flow
requirement and therefore enables a further reduction in the quantity of process air
to be provided by the engines of the aircraft or a separate compressor.



10

15

20

25

30

35

WO 2012/079756 PCT/EP2011/006315

-6 -

In a preferred embodiment of the control method according to the invention, with an
increase in the temperature of the process air mass flow supplied to the air
conditioning unit, the internal valve is closed to the extent that the increase in the
temperature of the process air mass flow supplied to the air conditioning unit does
not result in a change in the temperature of a process air mass flow exiting the air
conditioning unit. This prevents an increase in the temperature of the process air
mass flow supplied to the air conditioning unit from impairing the overall cooling
capacity of the air conditioning unit, without reducing the increases in efficiency
resulting from the increase in the temperature of the process air mass flow supplied
to the air conditioning unit.

The temperature of the process air mass flow supplied to the air conditioning unit is
preferably only increased so long as it can be ensured by closing the internal valve
that the increase in the temperature of the process air mass flow supplied to the air
conditioning unit does not result in a change in the temperature of a process air
mass flow exiting the air conditioning unit. In this configuration of the control
method according to the invention, it is ensured that the increase in the temperature
of the process air mass flow supplied to the air conditioning unit is stopped as soon
as a further increase in the temperature of the process air mass flow supplied to the
air conditioning unit results in an impairment of the overall cooling capacity of the air
conditioning unit or a drop in the increases in efficiency achieved by increasing the
temperature of the process air mass flow supplied to the air conditioning unit.

An apparatus according to the invention for controlling an aircraft air conditioning
system comprises a detection device which is adapted to detect an operating state of
an air conditioning unit of the aircraft air conditioning system, and a control device
which is adapted to control the temperature of a process air mass flow supplied to
the air conditioning unit in dependence on the operating state of the air conditioning
unit.

The detection device can be adapted to determine the operating state of at least one
ram air channel flap for the purpose of determining the operating state of the air
conditioning unit, said ram air channel flap in turn being adapted to control a flow
cross-section of a ram air channel for the supply of ambient air to a heat exchanger
unit of the air conditioning unit.
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Furthermore, the detection device can be adapted to determine the operating state
of at least one internal valve of the air conditioning unit for the purpose of
determining the operating state of the air conditioning unit, said internal valve in turn
being adapted to effect an increase in the temperature of a process air mass flow
exiting the air conditioning unit in its open state.

The control device is preferably adapted to alter the temperature of the process air
mass flow supplied to the air conditioning unit only if it is determined upon detecting
the operating state of the air conditioning unit that the ram air channel flap only
frees a minimum flow cross-section of the ram air channel and/or that the internal
valve is open.

Furthermore, the control device can be adapted to increase the temperature of the
process air mass flow supplied to the air conditioning unit if it is determined upon
detecting the operating state of the air conditioning unit that the ram air channel flap
only frees a minimum flow cross-section of the ram air channel and/or that the
internal valve is open.

The contro! device is furthermore preferably adapted to steer the internal valve into
its closed position upon an increase in the temperature of the process air mass flow
supplied to the air conditioning unit to the extent that the increase in the
temperature of the process air mass flow supplied to the air conditioning unit does
not result in a change in the temperature of a process air mass flow exiting the air
conditioning unit.

Finally, the control device can be adapted to increase the temperature of the process
air mass flow supplied to the air conditioning unit only so long as it can be ensured
by closing the internal valve that the increase in the temperature of the process air
mass flow supplied to the air conditioning unit does not result in a change in the
temperature of a process air mass flow exiting the air conditioning unit.

A preferred embodiment of the invention is now explained in more detail, with
reference to the accompanying schematic drawings, which show:

Figure 1 an illustration of the construction and the functional principle of an
engine bleed-air system;
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Figure 2 an illustration of the construction and the functional principle of an air
conditioning unit suitable for use in an aircraft air conditioning system;
and

Figure 3 further components of an aircraft air conditioning system equipped with
an air conditioning unit according to Fig. 2.

Fig. 1 shows an engine bleed-air system 10 which serves to extract hot bleed air
from an aircraft engine 12 for the purpose of supplying process air to an air
conditioning unit of the aircraft air conditioning system. The engine bleed-air system
10 comprises an engine bleed-air line 14 in which a preheat exchanger 16 for cooling
the engine bleed air flowing through the engine bleed-air line 14 is arranged. At its
first end, the engine bleed-air line 14 has a first and a second engine bleed-air line
branch 14a, 14b. The engine bleed-air line branches 14a, 14b are connected to the
engine 12 of the aircraft at different positions. The hot engine bleed air extracted
from the engine 12 therefore flows via the engine bleed-air line branches 14a 14b
into the engine bleed-air line 14 and from there through the preheat exchanger 16.

The engine bleed air flowing through the engine bleed-air line branch 14b has a
higher system pressure than the engine bleed air which is discharged from the
engine 12 of the aircraft through the engine bleed-air line branch 14a. To prevent
the more highly pressurised engine bleed air flowing back out of the engine bleed-air
line branch 14b and into the engine 12 by way of the engine bleed-air line branch
143, a non-return valve 18 is arranged in the engine bleed-air line branch 14a. The
engine bleed-air flow through the engine bleed-air line branch 14b is, on the other
hand, controlled by a first control valve 20. A second control valve 22, on the other
hand, controls the bleed air flow through the engine bleed-air line 14 downstream of
the engine bleed-air line branches 14a, 14b.

Cooling air — the so-called fan air - which is extracted from the engine 12 and
supplied to the preheat exchanger 16 by way of a cooling air line 24 serves to cool
the engine bleed air flowing through the preheat exchanger 16. The cooling air flow
through the cooling air line 24 is controlled by means of a third control valve 26.
After flowing through the preheat exchanger 16, the cooling air is discharged into the
environment. The engine bleed air which is cooled as it flows through the preheat
exchanger 16, on the other hand, is supplied as process air to an air conditioning unit
27 shown in Fig. 2 and to a wing de-icing system (not shown here) of the aircraft.
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In the air conditioning unit 27 shown in Fig. 2, hot process air, which is either
provided in flight mode of the aircraft by an engine bleed-air system 10 shown in Fig.
1 or is generated by compressors constructed separately from the engines of the
aircraft, is supplied to a heat exchanger unit 30 by way of a process air line 28. The
control of the process air temperature at the inlet of the air conditioning unit 27 can
be realised for example by a corresponding control of the engine bleed-air discharge
from the engine 12 by way of the engine bleed-air line branches 14a, 14b and/or the
control of the cooling capacity of the preheat exchanger 16.

In the example shown in Fig. 2, the heat exchanger unit 30 comprises a first heat
exchanger 32 and a second heat exchanger 34. A fourth control valve 36 controls the
process air flow through the process air line 28. During operation of the air
conditioning unit 27, the process air flowing through the process air line 28 is firstly
supplied to the first heat exchanger 32 for cooling. After flowing through the first
heat exchanger 32, the process air is conducted into a compressor 38 of a
compressor/turbine unit 40. The process air which is compressed by the compressor
38 and, at the same time, heated, is cooled again as it flows through the second heat
exchanger 34 and finally undergoes expansion and further cooling in a turbine 42 of
the compressor/turbine unit 40. Process air exiting the first heat exchanger 32 can
be conducted past the compressor/turbine unit 40 by way of a bypass line 44. The
process air flow through the bypass line 44 is controlled by means of a bypass valve
46. Opening the bypass valve 46 causes the warmer air flowing through the process
air line 28 upstream of the compressor/turbine unit 40 to be added to a region of the
process air line 28 which is located downstream of the compressor/turbine unit 40.

The hot process air supplied to the heat exchangers 32, 34 of the heat exchanger
unit 30 is cooled by thermal energy transfer to the cold aircraft ambient air flowing
through the heat exchanger unit 30. The aircraft ambient air is supplied to the heat
exchanger unit 30 through a ram air inlet channel 48 having a low temperature and
low pressure. After flowing through the heat exchanger unit 30, the ambient air
heated by emitting its cooling energy to the hot process air leaves the aircraft
through a ram air outlet channel 50. A control of the cooling capacity provided by the
heat exchanger unit 30 of the air conditioning unit 27 can be effected by a
corresponding control of the mass flow of the ambient air conducted through the
heat exchanger unit as cooling air. This means that relatively large flow cross-
sections of the ram air inlet channel 48 and/or the ram air outlet channel 50 have to
be freed, which is realised by opening corresponding flaps 52, 54 controlling the flow
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cross-sections of the ram air inlet channel 48 and/or the ram air outlet channel 50.
Furthermore, the temperature of the cooled process air exiting the air conditioning
unit 27 can be controlled by a corresponding control of the compressor/turbine unit
40, the valve 46 and further internal valves (not shown in Fig. 2) of the air
conditioning unit 27,

A maximum cooling capacity of the air conditioning unit 27, i.e. a minimum process
air temperature at the outlet of the air conditioning unit 27, is achieved if the ram air
channel flaps 52, 54 are maximally opened and the internal valves, in particular the
bypass valve 46, are closed. On the other hand, a nominal cooling capacity of the air
conditioning unit 27 is defined as a cooling capacity which is delivered by the air
conditioning unit 27 when the ram air channel flaps 52, 54 are minimally opened and
the internal valves, in particular the bypass valve 46, are closed. Since air
conditioning units which are provided for use in aircraft air conditioning systems are
conventionally designed for fault scenarios, their nominal cooling capacity generally
exceeds the cooling capacity requirement prevailing in normal operation of the
aircraft. It is therefore frequently necessary to open internal valves, in particular the
bypass valve 46, during operation of an air conditioning unit 27, even if the ram air
channel flaps 52, 54 are only minimally opened, in order to ensure that the process
air leaves the air conditioning unit 27 at the desired temperature and not at too low a
temperature.

The cooled process air exiting the air conditioning unit 27 is supplied to a mixing
chamber 56 shown in Fig. 3. The mixing chamber 56 can be a central mixing
chamber. However, the mixing chamber 56 can also be one of a plurality of mixing
chambers of the aircraft air conditioning system. In the mixing chamber 56, the
process air is mixed with recirculation air discharged from an aircraft region to be
cooled, for example an aircraft cabin. From the mixing chamber 56, mixed air
containing process air and recirculation air is conducted by way of corresponding
mixed air lines 58a-58d into the aircraft region to be cooled, which comprises
different air conditioning zones 60a-60d. In the example shown in Fig. 3, each air
conditioning zone 60a-60d is equipped with a temperature sensor 62a-62d for
detecting the actual temperature in the air conditioning zone 60a-60d. A temperature
regulator 64, on the other hand, supplies a set-temperature value for each air
conditioning zone 60a-60d.
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In dependence on the actual temperatures in the air conditioning zones 60a-60d,
which are measured by the temperature sensors 62a-62d, and in dependence on the
set-temperature values for the air conditioning zones 60a-60d, which are provided by
the temperature regulator 64, a control unit 66 controls the temperature of the
mixed air leaving the mixing chamber 56 according to the lowest set temperature
value for an air conditioning zone 60a-60d. This means that the air conditioning zone
60a-60d with the lowest set-temperature value can be supplied exclusively with
mixed air from the mixing chamber 56, whilst the other air conditioning zones 60a-
60d have to be supplied with air whereof the temperature undergoes a temperature
increase downstream of the mixing chamber 56.

The air to be supplied to an air conditioning zone 60a-60d is conventionally heated
downstream of the mixing chamber 56 by the supply of hot air, so-called trim air,
into the corresponding mixed air line 58a-58d associated with the air conditioning
zone 60a-60. To this end, a trim air line 68 is provided which branches off from the
process air line 28 upstream of the heat exchanger unit 30 of the air conditioning
unit 27 (see Fig. 2) and is connected to the individual mixed air lines 58a-58d by way
of corresponding trim air line branches 70a-70d. Corresponding fifth control valves
72a-72d control the supply of trim air from the trim air line 68 into the mixed air lines
58a-58d. In the air conditioning unit 27 shown in Fig. 2, the trim air line 68 branches
off from the process air line 28 upstream of the fourth valve 36. Alternatively,
however, the trim air line 68 can also be connected to the process air line 28
downstream of the fourth valve 36.

The discharge of trim air from the process air line 28 causes a reduction in the
process air mass flow to be cooled in the air conditioning unit 27, which has to be
compensated by a corresponding drop in the temperature of the process air exiting
the air conditioning unit 27 to enable a certain predetermined cooling capacity of the
air conditioning unit 27 to be maintained. This drop in temperature can be realised
by a corresponding increase in the cooling air mass flow through the heat exchanger
unit 30 of the air conditioning unit 27, i.e. by opening the ram air channel flaps 52,
54. It goes without saying that the temperature of the process air exiting the air
conditioning unit 27 has to be lower, the higher the trim air mass flow requirement
during operation of the air conditioning unit.

By means of the system arrangement shown in Fig. 3, both heating and cooling of
the air conditioning zones 60a-60d is possible. Furthermore, it is simultaneously
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possible to heat individual air conditioning zones 60a-60d and cool other air
conditioning zones 60a-60d. To this end, it is merely necessary, as described above,
to control the temperature of the mixed air leaving the mixing chamber 56 in
dependence on the lowest set-temperature value for an air conditioning zone 60a-
60d and to bring the temperature of the air to be supplied to the other air
conditioning zones 60a-60d to the designed temperature level by adding trim air to
the mixed air accordingly. It is generally the case that the quantity of trim air
required for temperature control in the air conditioning zones 60a-60d is
comparatively low so long as all air conditioning zones 60a-60d require the supply of
mixed air of a similar temperature or the temperature of the mixed air supplied by
the mixing chamber 56 is too low for only a small number of air conditioning zones
60a-60d and has to be increased by a corresponding trim air supply. If, on the other
hand, an air conditioning zone 60a-60d or a low number of air conditioning zones
60a-60d has a relatively high cooling requirement and therefore requires the supply
of cooler mixed air than the other air conditioning zones 60a-60d, the air to be
supplied to the other air conditioning zones 60a-60d has to be brought to the
required temperature level by the supply of correspondingly large quantities of trim
air.

The control of the aircraft air conditioning system shown in Figs. 1 to 3 is explained
below. During operation of the aircraft air conditioning system, firstly the operating
state of the air conditioning unit 27 is detected. In particular, the operating state of
the ram air channel flaps 52, 54 is determined, i.e. the opening state of the ram air
channel flaps 52, 54 is checked. To this end, correspondingly suitable sensors, for
example sensors for measuring an opening angle of the ram air channel flaps 52, 54,
can be provided. Furthermore, the operating state of the bypass valve 46 of the air
conditioning unit 27 is determined, i.e. it is checked whether the bypass valve 46 is
open or closed or, with a bypass valve 46 having a variable flow cross-section, the
flow cross-section freed by the bypass valve 46 is measured. To this end,
correspondingly suitable sensors (not shown in Figure 2) can in turn be used. The
signals of the sensors are transmitted to a detection device 74 for detecting the
operating state of the air conditioning unit 27.

If the detection device 74, with reference to the sensor signals transmitted thereto,
establishes that the ram air channel flaps 52, 54 only free a minimal flow cross-
section of the ram air inlet channel 48 and the ram air outlet channel 50 and the
bypass valve 46 is open and, in its open state, effects an increase in the temperature
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of the process air mass flow exiting the air conditioning unit 27, the detection device
74 recognises that the air conditioning unit 27 is only generating its nominal cooling
capacity and not a cooling capacity exceeding the nominal cooling capacity.
Furthermore, the detection device 74 recognises that the air conditioning unit 27,
which is overdesigned for fault scenarios is operated in an operating state in which
the ram air channel flaps 52, 54 are only minimally opened although the excess
cooling capacity generated by the air conditioning unit 27 still needs to be discharged
by way of the open bypass valve 46.

If these operating conditions prevail, a control device 76 controls the engine bleed-air
discharge from the engine 12 and/or the cooling capacity of the preheat exchanger
16 in such a way that the process air temperature at the inlet of the air conditioning
unit 27 increases. This is equivalent to an increase in the temperature of the trim air
extracted from the process air line 28 at the inlet of the air conditioning unit 27. An
increase in the process air temperature at the inlet of the air conditioning unit 27
enables a reduction in the cooling air mass flow guided through the preheat
exchanger 16, i.e. the air mass flow to be extracted from the engine 12 and supplied
to the preheat exchanger 16 can be reduced. Furthermore, by increasing the trim air
temperature, the trim air requirement, and therefore the quantity of process air to be
provided by the engine 12 of the aircraft, can be further reduced. The cooling
capacity reserves of the air conditioning unit 27, which are held ready for fault
scenarios, can therefore be used in optimum manner to increase the efficiency and
reduce the fuel consumption of the aircraft.

If the control device 76 controls the engine bleed-air discharge from the engine 12
and/or the cooling capacity of the preheat exchanger 16 in such a way that the
process air temperature at the inlet of the air conditioning unit 27 increases, the
control device 76 further steers the open bypass valve 46 into its closed position to
the extent that the increase in the temperature of the process air mass flow supplied
to the air conditioning unit 27 does not result in a change in the temperature of a
process air mass flow exiting the air conditioning unit 27. This prevents an increase
in the temperature of the process air mass flow supplied to the air conditioning unit
27 from impairing the overall cooling capacity of the air conditioning unit 27 without
reducing the gains in efficiency achieved by increasing the temperature of the
process air mass flow supplied to the air conditioning unit 27.
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Furthermore, the temperature of the process air mass flow supplied to the air
conditioning unit 27 is increased under the control of the control device 76 only so
long as it can be ensured by closing the bypass valve 46 that the increase in the
temperature of the process air mass flow supplied to the air conditioning unit 27
does not result in a change in the temperature of a process air mass flow exiting the
air conditioning unit 27. This means that the increase in the temperature of the
process air mass flow supplied to the air conditioning unit 27 is stopped as soon as a
further increase in the temperature of the process air mass flow supplied to the air
conditioning unit 27 would result in an impairment of the overall cooling capacity of
the air conditioning unit 27 or a reduction in the gains in efficiency achieved by
increasing the temperature of the process air mass flow supplied to the air
conditioning unit 27.
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Claims

1. A method for controlling an aircraft air conditioning system, having the steps:
- detecting an operating state of an air conditioning unit (27) of the aircraft air
conditioning system, and

- controlling the temperature of a process air mass flow supplied to the air
conditioning unit (27) in dependence on the operating state of the air conditioning
unit (27).

2. A method according to Claim 1,

characterised in that, upon detecting the operating state of the air conditioning unit
(27), the operating state of at least one ram air channel flap (52, 54) is determined,
which controls a flow cross-section of a ram air channel (48, 50) for the supply of
ambient air to a heat exchanger unit (30) of the air conditioning unit (27).

3. A method according to Claim 1 or 2,

characterised in that, upon detecting the operating state of the air conditioning unit
(27), the operating state of at least one internal valve (46) of the air conditioning
unit (27) is determined which, in its open state, effects an increase in the
temperature of a process air mass flow exiting the air conditioning unit (27).

4, A method according to one of Claims 1 to 3,

characterised in that the temperature of the process air mass flow supplied to the air
conditioning unit (27) is altered only if it is determined upon detecting the operating
state of the air conditioning unit (27) that the ram air channel flap (52, 54) only frees
a minimal flow cross-section of the ram air channel (48, 50) and/or that the internal
valve (46) is open.

5. A method according to one of Claims 1 to 4,

characterised in that the temperature of the process air mass flow supplied to the air
conditioning unit (27) is increased if it is determined upon detecting the operating
state of the air conditioning unit (27) that the ram air channel flap (52, 54) only frees
a minimal flow cross-section of the ram air channel (48, 50) and/or that the internal
valve (46) is open.
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6. A method according to Claim 5,

characterised in that, with an increase in the temperature of the process air mass
flow supplied to the air conditioning unit (27), the internal valve (46) is closed to the
extent that the increase in the temperature of the process air mass flow supplied to
the air conditioning unit (27) does not result in a change in the temperature of a
process air mass flow exiting the air conditioning unit (27).

7. A method according to Claim 5 or 6,

characterised in that the temperature of the process air mass flow supplied to the air
conditioning unit (27) is only increased so long as it can be ensured by closing the
internal valve (46) that the increase in the temperature of the process air mass flow
supplied to the air conditioning unit (27) does not result in a change in the
temperature of a process air mass flow exiting the air conditioning unit (27).

8. An apparatus for controlling an aircraft air conditioning system having:

- a detection device (74), which is adapted to detect an operating state of an air
conditioning unit (27) of the aircraft air conditioning system, and

- a control device (76) which is adapted to control the temperature of a process air
mass flow supplied to the air conditioning unit (27) in dependence on the operating
state of the air conditioning unit (27).

9. An apparatus according to Claim 8,

characterised in that the detection device (74) is adapted to determine the operating
state of at least one ram air channel flap (52, 54) for the purpose of determining the
operating state of the air conditioning unit (27), said ram air channel flap in turn
being adapted to control a flow cross-section of a ram air channel (48, 50) for the
supply of ambient air to a heat exchanger unit (30) of the air conditioning unit (27).

10.  An apparatus according to Claim 8 or 9,

characterised in that the detection device (74) is adapted to determine the operating
state of at least one internal valve (46) of the air conditioning unit (27), for the
purpose of determining the operating state of the air conditioning unit (27), which is
in turn adapted to effect an increase in the temperature of a process air mass flow
exiting the air conditioning unit (27) in its open state.



10

15

20

25

30

WO 2012/079756 PCT/EP2011/006315

-17 -

11.  An apparatus according to one of Claims 8 to 10,

characterised in that the control device (76) is adapted to alter the temperature of
the process air mass flow supplied to the air conditioning unit (27) only if it is
determined upon detecting the operating state of the air conditioning unit (27) that
the ram air channel flap (52, 54) only frees a minimum flow cross-section of the ram
air channel (48, 50) and/or that the internal valve (46) is open.

12.  An apparatus according to one of Claims 8 to 11,

characterised in that the control device (76) is adapted to increase the temperature
of the process air mass flow supplied to the air conditioning unit (27) if it is
determined upon detecting the operating state of the air conditioning unit (27) that
the ram air channel flap (52, 54) only frees a minimal flow cross-section of the ram
air channel (48, 50) and/or that the internal valve (46) is open.

13.  An apparatus according to Claim 12,

characterised in that the control device (76) is adapted to steer the internal valve
(46) into its closed position upon an increase in the temperature of the process air
mass flow supplied to the air conditioning unit (27) to the extent that the increase in
the temperature of the process air mass flow supplied to the air conditioning unit
(27) does not result in a change in the temperature of a process air mass flow exiting
the air conditioning unit (27).

14.  An apparatus according to Claim 12 or 13,

characterised in that the contro! device (76) is adapted to increase the temperature
of the process air mass flow supplied to the air conditioning unit (27) only so long as
it can be ensured by closing the internal valve (46) that the increase in the
temperature of the process air mass flow supplied to the air conditioning unit (27)
does not result in a change in the temperature of a process air mass flow exiting the
air conditioning unit (27).
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